We present an analysis of astrometric data from Fine Guidance Sensor 3 (FGS 3), a white-light interferometer on HST , and of radial velocity data from two ground-based campaigns. We model the astrometric and radial velocity measurements simultaneously to obtain parallax, proper motion, and component masses for Wolf 1062 (Gl 748 ; M3.5 V). To derive the mass fraction, we relate FGS 3 fringe scanning observations of the science target to a reference frame provided by fringe tracking observations of a surrounding star Ðeld. We obtain an absolute parallax mas) yielding (n abs \ 98.0^0. 
INTRODUCTION
This is a paper in a series presenting accurate masses of stars on the lower main sequence, where the complex interplay of luminosity, age, and mass can be explored. The dependence of intrinsic brightness upon mass, the massluminosity relation (MLR), is applicable to many areas of astronomy. After the H-R diagram, it is perhaps the most important relationship in stellar astronomy, because the entire evolution of a star depends on mass. The MLR remains poorly determined for M dwarfs, by far the dominant population of the Galaxy in both numbers ([70%) and stellar mass contribution ([40% ; Henry 1998) , and it is critical in distinguishing stars from brown dwarfs. Below 0.1 an accurate mass determination can convincingly M _ , turn a brown dwarf candidate into a bona Ðde brown dwarf.
Wolf 1062 is an M dwarf binary with one component suspected to be in the 20-20-20 sample deÐned by Henry et al. (1999) as having d ¹ 20 pc, M ¹ 0.2 and (n º 0A .05), M _ , orbital period P ¹ 20 yr. With the motivation that the secondary is one of the few objects that promises an accurate dynamic mass less than 0.2 we obtained astrometric M _ , observations at 15 epochs with HST and radial velocities at 15 epochs with which to derive a precise parallax and masses. Our astrometric observations were obtained with Fine Guidance Sensor 3 (FGS 3), a two-axis, white-light interferometer aboard HST . Most of our radial velocities were obtained at McDonald Observatory. Three velocities of component A came from Marcy & Benitz (1989) . Table 1 provides aliases and physical parameters for Wolf 1062. We time-tag our data with a modiÐed Julian Date, MJD \ JD[2,444,000.5, and abbreviate milliarcseconds, mas, throughout. Bradley et al. (1991) provide an overview of the FGS 3 instrument, and Benedict et al. (1999) describe the fringetracking (POS mode) astrometric capabilities of FGS 3 and typical data acquisition and reduction strategies. Our response to the added astrometric complication of resolved orbital motion is discussed in Benedict et al. (2000b) . Details concerning the treatment of fringe-scanning (TRANS mode) data are available in a paper presenting a preliminary relative orbit for Wolf 1062 (Franz et al. 1998) . To summarize, TRANS data are used to obtain relative positions of the A and B components ; POS data are used to obtain the photocenter position of component A relative to a reference frame. Franz et al. (1999) present a deÐnitive relative orbit obtained from fringe-scanning (TRANS) data. The present analysis utilizes only the 15 (of 17 total) TRANS measurements in which the secondary was resolved on both FGS axes. We combine these with 15 epochs of fringe-tracking (POS) measurements relative to a reference frame and with radial velocities to obtain a parallax, absolute orbits, and masses. POS data were not acquired at the Ðrst two epochs Henry et al. (1999) of TRANS data. In contrast to our recent work on Gl 791.2 (Benedict et al. 2000b ), we include ground-based radial velocities in our analysis. The constraint provided by the requirement that astrometry and radial velocities describe the same physical system improves the accuracy of our result.
2. WOLF 1062 ASTROMETRIC REFERENCE FRAME Figure 1 shows the distribution in FGS 3 pickle coordinates of the 15 sets of three reference-star measurements for the Wolf 1062 reference frame. The circular pattern is impressed by the requirement that HST roll to keep its solar panels fully illuminated throughout the year. At each epoch we measured reference stars 2 and 4 once and reference star 3 twice for a total of 60 reference-star observations.
Astrometric Model
From these data we determine the scale, rotation, and o †set "" plate constants ÏÏ relative to an arbitrarily adopted constraint epoch (the so-called master plate) for each observation set. The Wolf 1062 reference frame contains only three stars. Hence, we constrain the scales along X and Y to equality and the two axes to orthogonality. The consequences of this choice are minimal. For example, imposing these constraints on the BarnardÏs Star astrometry discussed in Benedict et al. (1999) The astrometric residuals for an initial solution constraining the parallax and proper motions of the three reference stars to zero values showed that one reference star had nonzero proper motion. We therefore include the e †ects of reference star 4 parallax (n) and proper motion (k). Our reference frame model becomes in terms of standard coordinates
where a, b, c and f are the plate constants obtained from the reference frame, and t is time. We constrain k \ 0 and n \ 0 for reference stars 2 and 3. The master-plate orientation to the sky is obtained from ground-based astrometry (Monet 1998) with uncertainties in the Ðeld orientation Wê0¡ .3. obtain the parallax factors and from a JPL Earth P x P y orbit predictor (Standish 1990 ), upgraded to version DE405. From USNO-A2.0 photometry (Monet 1998 ), calibrated as discussed in Benedict et al. 2000a and presented in Table 2 , we see that the colors of the reference stars and the target are all fairly red. Hence, we apply no corrections for lateral color ).
Assessing Reference Frame Residuals
The optical Ðeld angle distortion calibration (McArthur et al. 1997 ) reduces as-built HST telescope and FGS 3 distortions of D1A to below 2 mas over much of the FGS 3 Ðeld of regard. From histograms of the astrometric residuals ( Fig. 2) we conclude that we have obtained correction at the D1 mas level in the region available at all HST rolls (an inscribed circle centered on the pickle-shaped FGS Ðeld of regard). The resulting reference frame "" catalog ÏÏ in m and g standard coordinates (Table 2) was determined with and mas. Sp m T \ 0.5 Sp g T \ 0.6 To determine if there might be unmodeledÈbut possibly correctableÈsystematic e †ects at the 1 mas level, we plotted the Wolf 1062 reference frame X and Y residuals against a number of spacecraft, instrumental, and astronomical parameters. These included (X, Y ) position within the pickle, radial distance from the pickle center, reference-star V magnitude and B[V color, and epoch of observation. We saw no obvious trends, other than an expected increase in positional uncertainty of the reference-star magnitude.
RADIAL VELOCITIES
Our radial velocity data have two sources. We obtain three early epochs of absolute radial velocities from Marcy & Benitz (1989) . To this we add radial velocity measurements (Table 3) at 12 epochs, obtained with the McDonald 2.1 m telescope and Sandiford Cassegrain echelle spectrograph . The McDonald data were reduced using the standard IRAF (Tody 1993 and obtain a correction to absolute of SV ref T \ 13.7, 1.2^0.2 mas. The error for the correction is determined by comparing the spectrophotometric parallaxes of the reference frames of the low Galactic latitude science targets discussed in Harrison et al. (1999) , McArthur et al. (1999) , and Benedict et al. (1999) with the YPC95 corrections. 
POS Mode Photocenter Corrections
For binary stars the FGS transforms the images of the two components into two overlapping fringes. For perfect fringes and component separations greater than the resolution of HST at j \ 580 nm, about 40 mas, the presence of a companion should have little e †ect on the component A position obtained from the fringe-zero crossing. However, FGS 3 does not produce perfect fringes (Franz et al. 1998) . Given the uncorrected HST point-spread function (PSF) for the FGSs (they are not in the COSTAR path), we must apply photocenter-type corrections (see, e.g., van de Kamp 1967). The measurement of the position of the brighter component of a blended image will be biased toward the fainter. Because the detector has two orthogonal axes, the separation along each interferometer axis, not the total separation on the sky, determines the photocenter correction. For any arbitrary HST orientation, components A and B can have separations along the FGS axes from 0.0 mas to the actual full separation. For example, observation set 17 in Table 4 has a total separation, of 176.2 mas. o A , Resolved on each interferometer axis, *x \ 52.3 mas and *y \ 168.2 mas.
Simulations were done to characterize the e †ect of the secondary on the position derived for the primary for separations of less than 200 mas. First, we obtained a position (the central zero-crossing point of the fringe) derived from a fringe scan of a single star of appropriate color. Then, a companion with *V \ 1.80 (the magnitude di †er-ence between the components in this system) was placed at many separations along each axis and a combined fringe obtained. As can be seen in Figure 1 of Franz et al. (1998) , the interferometer response functions are not symmetric about the zero crossing, particularly for the X fringe. Hence, the simulation requires that the companion be placed on either side of the primary. Fitting each synthetic binary TRANS scan as a single star will quantify the e †ect of the companion on the measured position of the primary.
The results of this simulation are shown in Figure 3 . Classically, the correction always increases the separation of the two components. In general we see this for both axes. However, such is the perversity of the X-axis fringe that at times the correction works in the opposite sense. Photocenter corrections are negligible for separations greater than 120 mas for either axis. As expected from the di †ering X-and Y -fringe morphologies, the corrections are strongly asymmetric along the X axis, peaking at D[5 mas at a separation of [35 mas. The measures with corrections applied are listed in Table 4 .
Simultaneous Estimation of Parallax, Proper Motion,
Mass Ratio, and Orbit Parameters for W olf 1062 We apply the transformations (eqs.
[1] and [2]) to the Wolf 1062 POS (corrected for photocenter e †ects) and TRANS measurements. We fold in the radial velocity measurements, solving for relative parallax, proper motion, and orbital motion of both components simultaneously. The model now becomes
ORBIT is a function of the traditional astrometric and radial velocity orbital elements, listed in Table 6 . For the simultaneous solution, we constrain equality for the eccentricities (e) and longitudes of periastron (u) of the two component orbits. We also constrain the position angle of the line of nodes ()) for the component A and B orbits to di †er by 180¡. The period (P), the epoch of passage through periastron in years (T ), the eccentricity (e), and the angle in the plane of the true orbit between the line of nodes and the major axis (u) are constrained to be equal in the radial velocity and two modes of astrometry. Only radial velocity provides information with which to determine the halfamplitudes and the systemic velocity (c). Combin-(K 1 , K 2 ) ing radial velocity observations from di †erent sources is simple with GAUSSFIT (Je †erys, Fitzpatrick, & McArthur 1988) , which has the ability to solve for two separate cvalues simultaneously with the other orbital parameters. We easily mix absolute velocities from Marcy & Benitz (1989) with the relative velocities from our own program.
The relationship between the two astrometric modes (POS and TRANS) and the radial velocity is enforced by the constraint a A sin i n abs
(5) (Pourbaix & Jorissen 2000) , where quantities derived only from astrometry (parallax, primary perturbation orbit n abs , size, and inclination, i) are on the left and quantities a A , derivable from both (the period, P and eccentricity, e) or from radial velocities only (the radial velocity amplitude for the primary, are on the right. K 1 ) The results of this simultaneous solution are as follows. The absolute parallax and the proper motion are presented in Table 5 (errors are 1 p). The Ðnal, formal, parallax uncertainty includes the estimated error in the correction to absolute, 0.2 mas, combined in quadrature with the relative parallax error. Our precision has improved our knowledge of the parallax by a factor of 6, compared with Hipparcos and YPC95. Table 6 contains the relative orbital parameters with formal (1 p) uncertainties. For comparison we include our previous relative orbit from Franz et al. (1999) . Residuals for the POS, TRANS, and radial velocity obser- vations are given in Tables 3, 4 , and 7 respectively. Figure 4 contains all radial velocity measures, radial velocity residuals, and the predicted velocity curve from the simultaneous solutions. Figure 5 presents the astrometric residuals and the derived perturbation orbit for component A. Figure  6 provides component A and component B orbits. The vectors connecting the components all pass through the center of mass with an average positional scatter of less than 2 mas. 
COMPONENT MASSES
Our orbit solutions (Table 6 ) and associated absolute parallax (Table 5) provide an orbit semimajor axis a in AU, from which we can determine the system mass through KeplerÏs Law. Given P and a, we solve the expression
We Ðnd At each instant in the M tot \ 0.571^0.008 M _ . orbits of the two components around the common center of mass,
a relationship that contains only one observable, the perturbation orbit size We calculate instead the mass fraction a A .
where This parameter compares the two a B \ a [ a A . quantities directly obtained from the observations : the perturbation orbit size from POS mode) and the relative (a A orbit size (a from TRANS mode). Both quantities are shown in Figure 6 and listed in Table 6 . From these we derive a mass fraction of 0.3358^0.0021. Equations (6), (7), and (8) Table 6 . Circles are predicted positions at each epoch of observation. Residual vectors are plotted for each observation, two at each epoch (see Table 4 ). (Table 7 ). All observations, both POS and TRANS, as well as component A and B radial velocities, were used to derive the orbital elements in Table 6 . Sets 1 and 2 had TRANS data only. Sets 7 and 13 were resolved only along one axis and hence are not plotted. 
WOLF 1062A AND B ON THE MLR
With the component masses determined, we require the component absolute magnitudes to place these stars on the MLR. We use the photometry from Leggett (1992) , V tot \ 11.12^0.03, and a *V \ 1.83^0.03 from Henry et al. (1999) 
